Abstract: Small airway remodeling ("small airways disease") is a common finding in cigarette smokers and is an important cause of airflow obstruction. Airway remodeling is usually attributed to the effects of cigarette smoke-induced inflammation in the airway wall, but little is actually known about its pathogenesis. We exposed rat tracheal explants to cigarette smoke and then maintained them in air organ culture. At 24 hours after smoke exposure, there was a dose-dependent increase in gene expression of procollagen and a significant increase in tissue hydroxyproline, a measure of collagen content. Greater increases in procollagen gene expression were found with repeated smoke
Introduction
Chronic airflow obstruction in cigarette smokers is usually attributed to two different anatomic entities: emphysema, and small airway remodeling, the latter previously referred to as "small airways disease", and more recently as "tobacco associated bronchiolitis". Small airway remodeling in cigarette smokers affects primarily the membranous and respiratory bronchioles, and morphologically appears as fibrotic and inflamed airways which have thicker walls than normal and which often show mucous metaplasia of the bronchiolar epithelium as well as narrowed and distorted lumens.
Hogg et al (1) found t hat the small airways were a major site of airflow resistence in individuals with chronic obstructive lung disease, and Cosio et al (2) were the first to demonstrate that pathologic abnormalities in the structure of the small airways correlated with abnormal pulmonary function tests; subsequent studies have shown that changes in these airways correlate not only with abnormalities in the so-called tests for small airways (nitrogen washout, slope of Phase III), but with decrements in FEV 1 (3) (4) (5) (6) . These changes may occur in conjunction with emphysema, but in some smokers only small airway remodeling is seen (7) (8) (9) .
Although a vast body of literature has considered the pathogenesis of emphysema, little attention has been directed to the mechanisms behind small airway remodeling. The common belief is that this process reflects longstanding smoke-induced chronic inflammation in the airway walls (10) (11) (12) . In some studies the intensity of the airway inflammatory response appears to correlate with the severity of airflow limitation (13) , but, as noted by Jeffery (10) , it is unclear whether the inflammatory infiltrate produces the morphologic changes or whether remodeling is a separate response to smoke inhalation.
Examining the mechanisms behind smoke-induced airway remodeling is problematic because both epithelial and mesenchymal compartments are involved. Dual monolayer cultures can in theory be used but do not maintain normal epithelial-mesenchymal interactions. In vivo models of smoke exposure evoke an inflammatory response which may or may not, as noted above, be a part of the underlying process.
Tracheal explants provide an ex-vivo model of the airway wall and can be maintained in air organ culture for long periods (14) . Although tracheal explants, by definition, are models of the large airways, they are similar in general structure to the small airways. They consist of a single-layered epithelium overlying a mesenchymal layer that contains fibroblasts and tissue macrophages along with matrix. Tracheal explants differ from the small airways in that the explants have very little muscle (the latter a prominent feature of small airways), and in that they contain a mixture of ciliated and mucoussecreting cells, whereas the small airways contain predominantly ciliated and Clara cells. Nonetheless, it is likely that the basic reactions to inhaled toxins, particularly toxins that operate through active oxygen species (see Discussion) will be similar in tracheal explants and small airways, and they thus provide a reasonable, if not exact, model of reactions in the small airways.
The major advantage of tracheal explants is that contain both airway epithelium and underlying mesenchymal tissues in their normal anatomic arrangement and thus are excellent for studying processes that lead to fibrosis. As well, explants lack exogenous inflammatory cells and thus can be used to separate direct effects of injurious agents from effects mediated by inflammatory cells. In this study we have used the rat tracheal explant model to show that cigarette smoke by itself rapidly induces airway wall remodeling.
Materials and Methods [Word count = 498]

Preparation of Tracheal Explants and Smoke Exposure: Tracheal explants were prepared from 250g
Sprague-Dawley rats as previously described by us (14) Explants were exposed to the whole smoke from a high tar and nicotine (Kentucky 2R1 Research) cigarette by drawing one puff at a time into a syringe and then expelling it into a humidified chamber containing the explants. More details are provided in the on-line supplements. Control explants were exposed to room air.
After smoke exposure was complete, the explants were transferred to Petri dishes containing Dulbecco's modified Eagle medium (DMEM) in agarose with supplements (see on-line supplement) and maintained in air plus 5% CO 2 organ culture with basal feeding in an incubator at 37 o C for up to 7 days.
Measurement of hydroxyproline (HP): HP was measured on individual explants by HPLC as
described by us (15), but here substituting homogenized tissue for lavage fluid.
Gene expression of "(1)-procollagen by RT-PCR:
At the end of the culture period, explants were homogenized and RNA extracted. More details are provided in the on-line supplement. RT-PCR was performed as previously described (14) 
